Abstract. This paper describes the use of rich spatiotemporal relationships in cultural heritage information modelling in order to increase the information organization and extraction. The idea is to tailor the spatiotemporal state of identity model, i.e. a model based on spatiotemporal identity that takes into account relationships between non-existing and non-presents objects, to the management cultural heritage information. In doing so, we propose an enhancement of the knowledge representation for cultural heritage.
Introduction
Cultural Heritage information management is impacted by the evolution of the acquisition techniques, mainly by the arising of the laser scanner technology [1] . The digital transformation conduces to an increase of the acquisition performance, the completeness of acquired information and the evolution of the represented information acquired from such technologies. Managing digital heritage data requires systems that are able to integrate the complexity of cultural heritage information, i.e. managing the several levels of temporality involved in the life-cycle of a represented element [2] . Geographical information science is, among others, attached to the definition of theoretical concepts that are implemented in information management systems. Following the same approach, the theoretical definition on relationships leads to a refinement of concepts closely tied to space and time that the first step for semantic enrichment of cultural heritage information.
For years now, the development of spatiotemporal relationships models was predominantly dedicated to the management of geospatial information [3] . Although, cultural heritage information owns a spatial component, the main difference resides in the temporal dimensions that is a fundamental descriptor for such kind of information. The description of the evolution of an entity is based on the study of the succession of spatial and temporal states that symbolize the life cycle of the object. Moreover, the accessibility to the information is rather limited or incomplete. Accessing to a cultural heritage information is performed through one of the following ways:
-identity: the identity of represented cultural heritage element is known. There is no ambiguity on its identification. The information can therefore be structured around object's identity. E.g. the pyramids of Giza in Egypt. -physical realization: the cultural heritage element is only known by a physical structure visible in the real world. The spatiality can be represented but is not necessarily linked to a defined or unique identity. The link between the physical observed elements and the object identity is not sure. E.g. an unidentified ruin. -spatiality: the spatiality of the object is known without manifestation in the real world. Information related to the geometry of the element are known but there is no physical manifestation of the element in the real world. The spatial position can be known or not. E.g. the plan of La Bastille in France. Each of the information accessibility way faces to an uncertainty. Indeed, information related to cultural heritage objects results of sources interpretation performed by a operator who has a vision of the world that relying on its experience. Several interpretations or evolution scenario are frequent in cultural heritage information management. Developed information systems have to consider this ambiguity to fully encompass the cultural heritage information.
In a previous research [4, 5] , we proposed a spatiotemporal states (STS) model that defines spatial and temporal relationships between (geographical) objects in considering their whole range of possible existence states. The commonly used spatial relationships only deals with two objects that exists at the time of the analysis. Starting from a description of the possible states of an object in regards of its identity, spatiality and presence, we defined a set of possible states of existence and presence for a geographical object. This classification is applied to several object to deduce extended spatiotemporal relationships. For example, the STS model proposes anachronistic relationships between an object that exist with another object that does not exist physically anymore.
In this paper, we throw the bases for an application of the STS model to cultural heritage information management. Our research hypothesis is that considering refined spatiotemporal relationships between heritage objects ensure a better description of the complex cultural heritage information. We postulate that spatiotemporal relationships based on the STS model will carry more semantic for the relationships description.
The remaining of the paper is structured as follows. First, we remind the concept of spatiotemporal states of existence and presence. Then we expose the main issues in cultural heritage information management. The second part shows the adaptation of the STS model to deals with cultural heritage information in considering object identity as a starting point. This section symbolizes the life cycle of cultural heritage object in the regard of the evolution of its identity. Finally, we introduce the concept of relationship observer that refines the proposed relationships by considering the temporal point of view of a relationship between objects. Then we conclude.
Spatiotemporal states of identity
The identity of an object is the property intrinsic to each object which allows it to be differentiated from all others [6] . The complete definition of a geographical object involves the definition of its identity and spatiality, which can vary over time. Research focusing on the identity of geographical objects [7] focuses on the concept of a geographical object and its modeling as a unique object. Campos [8] proposes a set of relationships and their associated semantics describing the representation of geographical objects in a virtual environment. Although this approach can be linked to cultural heritage information management, the model does not take into account the possibility to establish relationships between an object present at the moment of the analysis as against an object that existed in the past or an event existing in the future. Spatiotemporal relationships such as that proposed by Claramunt [9, 10] define a set of spatiotemporal relationships that integrate topological reasoning with the temporal logic. These models describe, by means of qualitative operators, the relationships that exist between moving objects which are only existing and visible during the analysis.
The spatiotemporal states of identity model (STS-I) has been initially developed to fully encompass the complexity of geographical information [4, 5] . Indeed, there exist a lot of situation in the geographical domain where the spatiality of a geographical object cannot be acquired, at least for some period of time. In order to propose a continuous analysis of the geographical object over time, the STS-i model has been developed focusing on the objects identity. Several spatiotemporal states have been outlined in regards of spatial, temporal and identity vision. The Figure 1 shows the organization and the transition between spatiotemporal states. Since it is not possible to model every objects that exists or that have been existing over time, represented objects are limited to the ones that are pointed by a relationship. The existence of an object begins as soon as a semantic or spatial relationship is established for this object and that it ceases to exist when there are no more relationships with it. Once the object identity is proposed, the object switch from the "non-existent" state to the "existent" state. This state does not define a physical realization or a spatial design of the object. The materialization operation provides an extension in the physical world for the object. At that moment, the object owns an identity, a spatiality and a physical representation. We qualify this state of "present". When the physical realization of the object is destroyed or if the spatiality is planned but not yet materialized, the object is in a non-present state. This state gathers either the objects that are destroyed with a souvenir of their spatiality or the objects for which spatiality is planned but not yet visible in the physical world. These different cases do not entirely correspond to a lack of information or vague information because the identity of the object very often remains known. Loss of information about the temporary spatial extension does not destroy the existence of the geographical object. [4] . The arrows represent the transition events between these different states. The destruction corresponds to an omission of the location of the object; the delocalization marks the loss of the realization in the physical space without omission of its position. The destruction symbolize the loss of spatial extension, which is either with loss of spatiality or not.
When combined together in regards of two objects, the succession of spatiotemporal states of identity of two objects defined the Life and Motion Configuration (LMC). The LMC is an iconic language that symbolize the evolution of spatiotemporal relationships between two objects considering their relationship at each temporal succession.
Application of STS-I to Cultural Heritage Objects
The application of STS-I model to cultural heritage objects requires some adaptations to fit to the complexity of cultural heritage concepts as described in the introduction. When dealing with geographical information, the succession of spatiotemporal states of identity is largely linear, starting from non-existence, existence, non-presence and presence. The destruction scheme follows the inverse succession. However, building archeology or conservation/restauration research either leads to the discovery of unidentified physical fragments or faces to sources asserting the identity and/or the spatiality of objects without physical realization. The lifecycle of cultural heritage buildings is complex due to the multiple transformation, affectation change or the ageing due to time. The representation of cultural heritage information with the prism of spatiotemporal states of identify gives a formal classification of every states of the historical elements. Figure 2 shows the evolution of an object for which the historical knowledge is complete, this means that each of the transformation, or planned transformation is documented and can be established by undoubtable sources. The first step in time represents the identity of the object. At that time, there is not yet a definition of any spatial information of the element. The second step is obtained after a stage of architectural conception, which is attached to the pacification, and the definition of the spatial extension of each part of the building. The construction phase leads to the first state of the edifice. Most of spatial and temporal reasoning starts at that step in the object definition. Long-term evolution representation implies to consider multiple changes that occurs to modelled objects. In cultural heritage information modelling, each historical sources provides information on physical or thematic changes that affects modelled object. When planning a transformation, there is a concurrent existence between the physical realization and the spatial definition of the next state.
Once the transformation is done, the new physical realization appears and the object switch from state 1 to state 2. At the end of the lifecycle, the physical realization of the edifice disappears; the spatiality continues to exist for a while. The heritage building is qualified of non-present. At the ends, when no information on the former spatiality of the edifice remains, e.g. the plans are lost, only the identity of the elements continues to exist. When considering incomplete knowledge on the object evolution, the information acquisition is done through sources that have to be interpreted [11] . The representation of incomplete knowledge and fussy knowledge remain an open issue [12, 13] . The spatiotemporal states are then subjective results that can leads to several concurrent interpretation scenarios. By recording every planned transformation, even if they are not all implemented, we allow to store and organize comprehensive knowledge on cultural heritage elements. Planned others spatiality's is of a high importance for researchers to fully understand the lifecycle and the history of the heritage buildings and to allow a classification to every sources related to build heritage. There is actually no degrees of confidence related to the interpretation of the spatio-temporal states. We plan to consider this perspective in a future research.
Anachronistic relationships for cultural heritage objects
The transformation or the restauration of the built heritage has to take into account the history of the building and surrounding environment it works on. More specifically, if the built heritage has been transformed or partially destroyed, the vision of the former space has to be considered during the conception of the architectural project. For example, the restoration of a heritage building which is, among others, composed of an empty space at the present time has to integrate the former role and the former geometry of what that space was. The proposed project will have to consider the past state, usually by proposing a symbolization of that former spatiotemporal state. In doing so, we draw a spatiotemporal relationship between built heritage at different period of time. This is what we define as an anachronistic relationship, i.e. the spatiotemporal relationships between objects states that were not existing in during a concurrent period of time.
Going deeper in the refinement, we assume cases where the anachronistic relationships points on the object spatiality, the object physical extension or only to the object identity. It is important to propose information management systems that allows to store and describe such kind of relationship because of their fundamental aspects to understand architectural planning. Figure 3 represents two kinds of anachronistic spatiotemporal relationships. The blue area shows an architectural project which is still in conception phase. This means that the identity of the project is known, the spatiality is being designed but the project does not have an extension in the physical world. This object is in relation with a heritage building (represented by a laser scanner acquisition in the figure) . The second part of the figure 3 shows some elements (the doors) that do not have a physical extension but only a spatiality at the present time. Their representation gives an interpretation of the relationships of their actual spatiotemporal state (non-present) with the building (present). Such kind of representations helps at understanding the relationship that was existing between the two elements at the time when they were both present (i.e. with a spatial extension).
The previous examples show that a spatiotemporal relationship are used to conceptualize the relations that exists at every time between buildings elements. This helps first at organizing the historical sources or their interpretation, and secondly to understand and plan future architectural projects which has to consider the historicity of the context. These two approach lead to think at the targeted goals of establishing such spatiotemporal relations. The role of the operator is significant in order to define at what time the relationship is observed and consequently what will be the use of the relationships. Let assume that two objects A and B share a spatiotemporal relationship, which remain stable over time (the objects does not change of state). The relation can be observed in three ways: -as it was in the past: This view of the relation is used each time when an historical study is performed. We try to retrieve what was the relationships in the past.
-as it is now: This view of the relation corresponds to an actual observation of the spatial organization of past elements. For example, the relation is used to explain the actual spatial organization of a former medieval city, which is influenced by the link that exist between defense walls and the surrounding houses.
-as it will be for the future: This view of the relation is used in planning when transforming one of the object participating to the relation. It will affect the spatiotemporal relation. Fig. 4 . Temporal interpretation of spatiotemporal relationships depending on the observer. The relationships between objects can be studied as it was in past (at the time objects were both present), as it is actually (what does the relationships implies in the present), as it will be in the future (how the relationship will be considered in the future).
Anew, the conceptual refinement of a relationship by considering the temporality of the observation helps at organizing the cultural heritage information and leads to a better sources interpretation. This helps at understand the spatial choices that are continuously taken in architectural design.
Conclusion
The cultural heritage information management has to consider multiple historical sources. Their interpretation conduces to different scenario that can sometimes be contradictory. To fully understand the lifecycle of built heritage, relationships between actual and former states of elements has to be drawn. In this paper, we proposed to adapt a spatiotemporal relationships model based on object identity to test if it could fit to cultural heritage information modelling. This first conceptual step aims at describe the general concept where the STS-I model can be applied and the uses that can be done in this context. The first results are promising and should be now defined formally before being implemented and tested. This next research step will be considered soon with real cases examples on the "Hotel Rigo" in Liège, Belgium. This case is highly interesting since is should be destroyed in favor of an urban development.
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